Introduction
present no clues to understanding exhaustively the microbial community structures in environmental sources. On the other hand, uncultured microbes have been investigated by molecular techniques, including polymerase chain reaction (PCR) and real-time polymerase chain reaction (RT-PCR), using DNA or RNA isolated from environmental sources. 7, 8 To understand the variation and/or composition of microbial community structures or microbial diversities, PCR products are subjected to fingerprinting techniques, including denaturing or temperature gradient gel electrophoresis, terminal restriction fragment length polymorphism, and automated ribosomal intergenic spacer analysis (ARISA). 1, 9 Using molecular techniques, microbial communities, and diversities in soils collected from grasslands, forests, alpine areas, and farms have been identified and the effects of chemical component, 10 soil particle size, 11 cultivated plant, 12 seasonal condition, 13, 14 and agricultural management system 15, 16 on the diversity of soil microbes have been evaluated.
It is important for grape growers and winemakers to understand vineyard soil to satisfy the demand for high fruit yield, improved wine style, and superb wine quality. Books on soil for fine wines are available. 17, 18 However, there are few descriptions in those books about microbes (fungi and bacteria) in vineyard soils, although soil microbes play an important role in the management of soil environment. Microbial communities in vineyard soils may be unique compared with those in soils of other agroecosystems, because vineyards are generally subjected to less frequent tillage, less nitrogen fertilization, and less herbicide application. 19 In addition, several farming practices may influence microbial communities in vineyard soils. For example, compost amendment induced the alteration and resilencing of microbial community in vineyard soil. 20 In a pinot noir vineyard, microbial communities were also altered by soil morphology, soil depth, and grapevine root. 19 However, in those two studies, an exhaustive evaluation of microbial diversities at the level of fungal species or phylogenetic bacterial taxa was not conducted because those studies were based on the evaluation by the phospholipid ester-linked fatty acid method. Currently, copper concentrations resulting from the use of fungicides and fertilizers are increasing in vineyard soil surface, and this trend is raising concern as regards its harmful and irreversible effects on the soil ecosystem. 21 Thus, it is important to monitor the status of soil microbial population and diversity. Dell'Amico et al 21 investigated ex-vineyard soil by the denaturing gradient gel electrophoresis method and identified copper-tolerant bacteria as the indicator of copper pollution in the soil. One study of the effects of copper contamination on the microbial community in vineyards employed ARISA, and the findings suggested that bacterial genetic structure in nonamended soil varied significantly and Actinobacteria are the prevalent bacteria in coppercontaminated nonamended soil. 22 In vineyard soils, however, the microbial community structure and the microbial species have not been comprehensively evaluated and are thus little understood. In Japan, no studies have been conducted on the microbial communities in vineyard soils. To improve Japanese viticulture and sustain vineyard soil environment, we tried to gain an overview of soil characteristics and microbial species in vineyard soils. For this purpose, soils were collected from some vineyards and the fungal internal transcribed spacer 1 (ITS 1) region or the bacterial 16S ribosomal DNA (rDNA) region was PCR-amplified to understand the microbial communities.
Materials and methods soil samples
DnA extraction from soil and preparation of clone library Soils from each pit were mixed and large rocks and root tips were removed. Total DNA was directly extracted from 0.4-0.3 g of soil using a PowerMax TM Soil DNA Isolation Kit (MO BIO Laboratories, Inc., Carlsbad, CA) according to the manufacturer's instructions. PCR amplification of fungal ITS 1 region or bacterial 16S rDNA region was performed using an ITS primer pair (5′-GTAACAAGGTTTCCGT-3′ and 5′-CGTTCTTCATCGATG-3′) or a 16S primer pair (5′ -AGAGTTTGATCCTGGCTCAG-3′ a n d 5′-GTATTACCGCGGCTGCTG-3′), respectively. The PCR reaction mix consisted of 1 µL of 10 × PCR buffer, 0.4 µL of 2.5 mM each dNTP, 0.25 µL of 20 mM each primer, 0.1 µL of Hot Start Taq polymerase (Takara, Shiga, Japan), 1 µL of DNA solution, and 7 µL of ddH 2 O. PCR conditions were as follows: 95°C for three minutes (one cycle); 95°C for 20 seconds, 55°C for 30 seconds, and 72°C for 30 seconds (20, 22 , or 24-27 cycles for fungal ITS 1 region, 14, 15, 18, or 28 cycles for bacterial 16S rDNA region); and 72°C for five minutes (one cycle). PCR cycles were controlled to prevent saturation of amplified PCR products. The PCR products were separated on 1.5% agarose gels. Agarose gels at 250-500 base pairs (bp) for fungal ITS or 450-800 bp for bacterial 16S rDNA were excised and the PCR products were extracted with a QIAquick Gel Extraction Kit (Qiagen, Valencia, CA) according to the manufacturer's instructions. After extraction, the products were ligated to p-TAC-1 vector (Bio Dynamics Laboratory Inc., Tokyo, Japan) or pMD20-T vector (Takara, Shiga, Japan). By transforming the ligation product into Escherichia coli JM109 strain, fungal ITS clone, and bacterial 16S rDNA clone libraries were constructed. DNA extractions from samples K1-K4 were used for the analysis of fungal community. K1-K4 clone libraries were generated from three replicates of one soil sample. Meanwhile, DNA extractions from samples A-G were used for the analysis of fungal and bacterial communities. The remaining samples, BK3-BK12 and BC3-BC12, were used for the analysis of bacterial community.
sequence analysis
Sequencing of libraries was accomplished by DyeDeoxy terminator cycle sequencing with M13 forward or reverse primer. DNA sequences were subjected to a homology search using the BLAST search program. 24 Based on BLAST search results, fungal ITS clones were sorted into operational taxonomic units (OTUs). Fungal ITS clones in OTU have .98% sequence similarity. We confirmed the appropriate group using phylogenetic trees that were constructed with the neighbor-joining method of Molecular Evolutionary Genetics Analysis software, 25 although we do not show the phylogenetic trees. After BLAST search, bacterial 16S rDNA clone sequences were assembled into phylum groups using Classifier of Ribosomal Database Project (RDP-X). 26 
nucleotide sequence accession numbers
We have submitted all nucleotide sequence data to DDBJ database.
Results

sequence analysis of fungal ITs clones
A total of 103 clones from K1, 86 clones from K2, 89 clones from K3, and 87 clones from K4 were recovered. Clones from plant ITS region sequences were included in the ITS libraries because the designed primer pair also amplified To survey fungi in Japanese vineyard soils, we also examined fungi of seven soils sampled from other vineyards (vineyards A-G). A total of 516 clones were recovered and 380 clones (73.6%) resulted in successful fungal sequences. These clone sequences were of fungal origin and comprised 157 OTUs. Finally, we obtained and determined 681 clone sequences that were included in 225 OTUs in soils from eight vineyards, namely, samples A-G and K1-K4. The results of BLAST search of these clones are shown in Supplementary  Table 1 . The majority of the fungal ITS clone sequences were assigned to Ascomycota (30.8%) and unclassified fungi (38.2%, Figure 1A ). The remaining clones were assigned to Basidiomycota (9.5%), Zygomycota (3.7%), Glomeromycota (2.5%), and Oomycetes (3.5%). Together, the results suggest that various kinds of Ascomycota fungi exist in the vineyard soils.
The fungal community structures were very complex in the seven vineyard soils as well as in the four pit soils taken from one vineyard, because common OTUs were rarely found in the seven vineyard clone libraries. By comparing the clone libraries of vineyards K, A, B, C, D, E, F, and G, we found original OTUs in the clone libraries of vineyards C and D. The clone library of vineyard C consisted of few OTUs included many clones, such as Aspergillus spp., Aureobasidium pullulans, Phomopsis sp., while the clone library of vineyard D had many unique OTUs (Table 2, Supplementary Table 1) . Thus, soils of vineyards C and D may have original fungal community structures although we did not conduct further assessment because of the small sample size and the complete lack of replication at vineyards A-G.
sequence analysis of bacterial 16s rDnA clones
To survey bacterial community structures in vineyard soils in a manner similar to the fungal community structures, 407 clones were recovered from the seven vineyards. To determine widespread bacterial community in vineyard, we sampled two pit soils from one vineyard monthly from May 2008 through December 2008, and 846 clones were recovered because of significant seasonal changes of the bacterial community, as reported by Lipson and Schmidt.
14 Clones whose sequences were amplified by an unpaired primer were omitted from the clone library. Finally, we searched 1106 clone sequences in the National Center for Biotechnological Information (NCBI) database. Database sequences yielding the highest percentage identity to the clone sequences were chosen as the best match for the clones. The results that matched sequences in the NCBI database are shown in Supplementary Table 2 , and 16S rDNA gene sequences with .97% similarity are considered to be the same species in phylogenetic position. However, as 30 clone sequences were not listed in the NCBI database and could not be sorted into "bacteria" by Classifier of RDP-X, those clones were omitted from the clone library 
Discussion
In this study, we determined fungal ITS and bacterial 16S rDNA clone sequences in vineyard soils and showed the fungal and bacterial community structures in the soils. Previous reports have demonstrated the diversity and community structure of mycorrhizal fungi in vineyards 27, 28 and the variation in vineyard soil microbial communities influenced by compost amendment and increasing depth. 19, 20 WhitelawWeckert et al 29 examined the effects of permanent swards and bare soil on soil microbial count in two Australian vineyards by culture methods. However, those studies did not determine the composition of fungi and bacteria at the species level in vineyard soils, and there are hardly any studies that deal with the comprehensive identification of clone sequences from vineyard soils. Thus, our study surveyed for the first time microbes present in vineyard soils. We recovered 109 OTUs from 303 fungal clone sequences of vineyard K clone libraries. As the rarefaction curves of the 303 fungal clones did not reach a plateau (data not shown), we were able to estimate only a small portion of fungi existing in the vineyard soils. We need to recover more clones to reveal the number of fungal species. Nevertheless, our results suggest that at least 109 fungal species exist in one vineyard and most of them belong to Ascomycota. These results have not been obtained in previous studies that used phospholipid esterlinked fatty acids or denaturing gradient gel electrophoresis to detect overall microbial community shifts and compare microbial community structures. 30 The main Ascomycota detected by prosequencing analyses of forest soils consist of lichen-forming fungi, litter/wood decomposers, plant parasites, endophytes, and saprotrophs. 31 The Ascomycota in our study may include fungal groups causing plant disease, endophytes, wood decomposers, and saprotrophs, because such fungi as Fusarium spp, 32 Phomopsis spp, 33 Aspergillus spp, 34, 35 Pezizomycotina spp, 36 and Alternaria spp abound in fungal clone libraries.
We noted that the OTU patterns in the clone libraries and the number of clones within each OTU are very diverse even among the clone libraries from the same vineyard, suggesting the complex distribution of the fungal community. Unfortunately, it was impossible to identify the dominant fungus at the species level in the vineyard soils due to the limited sample size. However, we noticed that the species patterns of each clone library are interesting. Fungal clone libraries from vineyards C and D are the most unique among the eight vineyard clone libraries ( Table 2, Supplementary  Table 1 ). Microbial community structures are affected by environmental and anthropogenic factors.
1 Vineyard C is managed with a biodynamic agricultural system ( Table 1) . The soil characteristics of vineyard D differ from those of other vineyards: the soil has a sandy texture, the highest acidity, and the lowest electrical conductivity (Table 1) . It was shown that the compositions of bacterial communities in soils of biodynamic, conventional, and unfertilized agricultural management systems were vastly different although the clone libraries revealed similar diversities. 15 Mäder et al 37 found significantly higher microbial biomass and diversity in the soil of a biodynamic management system than in the soil of a conventional management system. Meanwhile, the effect of particle size on the microbial community structure was noted, in that small particles (silt and clay) yielded high microbial diversity compared with coarse particles (sand).
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A strong correlation between bacterial diversity and soil pH was also shown by Fierer and Jackson. 38 Those reports agree with our results of fungal sequences and it seems that the characteristics of fungal community structures are reflected by soil environment and management. However, there was no obvious relationship between bacterial communities and environmental factors in vineyards C and D compared with fungal community structures in the same vineyards because each bacterial community was extremely complex and the variations in bacterial libraries might be restricted by the sample size. It is possible that the fungal community structure may be more sensitive to environmental factors than the bacterial community structure in vineyard soils. Further exhaustive studies are required to reveal the relationship between bacterial community structure and environmental factors.
Bates and Garcia-Pichel 39 indicated that bacterial diversity was noticeably and significantly higher than fungal diversity. One gram of soil contains one to four billion bacteria and less than one billion fungi. 40 Thus, to reveal the overall bacterial community structure in vineyard soil, it is necessary to conduct large-scale DNA sequence analysis. In this study, although we were not able to reveal the overall bacterial community structure, we were able to sort by phylum 1076 clone sequences recovered from samples collected monthly from one vineyard soil and from seven vineyard soils. We suggest that 17 of the 52 phyla determined exist in vineyard soils (see Figure 1B) . 41 Lejon et al 22 showed that 30 clones derived from 
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Microbes in Japanese vineyard soils 350-450 bp bacterial-ARISA bands from soil collected from a copper-contaminated vineyard belonged to Actinobacteria, Fibrobacteres, Gemmatimonadetes, and Proteobacteria. Our results indicated that bacteria from numerous phyla exist in vineyard soil. The major phyla of vineyard soil bacteria are Proteobacteria and Acidobacteria ( Figure 1B ). In forest soil, Proteobacteria and Bacteroidetes are the dominant bacterial groups, followed by Acidobacteria. 42 In agricultural soils where maize and sugarcane are grown, phylum diversity is poor and the predominant groups are Actinobacteria, Bacteroidetes, and Fermicutes. 42, 43 Therefore, our results suggest that the microbial community structure in vineyard soil may be unique, in support of the work of Steenwerth et al. 19 Meanwhile, the dominant fungal group in forest soils is Basidiomycota, 31, 44 and this dissimilarity in the dominant fungi also supported our suggestion. However, we do not know why Proteobacteria and Acidobacteria are the dominant bacteria in vineyard soils. Moreover, it is interesting that the 31 clone sequences assigned to Actinobacteria were suddenly found in soils sampled from October 2008 to December 2008. Dell'Amico et al 21 described that a specific microbe in copper-contaminated soil may serve as an indicator of soil pollution status. Meanwhile, Actinobacteria are prevalent in copper-contaminated nonamended soil. 22 Smit et al 45 suggested that the ratio of the number of Proteobacteria to that of Acidobacteria may be an indicator of the nutritional status of soils. Therefore, the soils sampled from October 2008 to December 2008 might be organic-matter rich. However, because we assessed only the contents of copper and organic matter in vineyard soils, we could not determine whether the microbial community in the soils was a result of the effects of copper and organic matter. At the very least, we can say that there was no organic amendment before the appearance of Actinobacteria in any of the vineyard soils tested.
We were able to detect some species, including phytopathogenic and/or valuable fungi, and to observe the current status of vineyard soils. Although our sequence data are not sufficient to confirm the microbial community in Japanese vineyard soils, we preliminarily generated a microbial catalog that records the physical, chemical, and biologic properties of Japanese vineyard soils and their implications for viticulture (Supplementary Tables 1 and 2 ). This catalog may help further our understanding of the current state of vineyard soils and promote the management, maintenance, and improvement of vineyards. Although vineyard soil properties are complex, we may be able to elucidate gradually the characteristics of vineyard soils by using a PCR-culture-independent approach and generating a microbial catalog.
Conclusion
We demonstrated for the first time the community structures of fungi and bacteria in Japanese vineyard soils by a PCRculture-independent approach and generated a microbial catalog. Our results suggest that many fungal and bacterial species exist in vineyard soils and the microbial community structure in each vineyard soil sample is extremely diverse. Moreover, the dominant fungal and bacterial groups are dissimilar to the dominant microbes in forest and agricultural soils. We were not able to determine the dominant microbes at the species level due to the limited sample size. By analyzing microbes on a large scale, vineyard soil characteristics will be revealed in detail and soil condition assessment using microbial community structures will be realized. 
